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Abstract The nucleotide sequence of the bacteriophage T5 
BglII-BamHI fragment (4,835 bp in length) known to carry a 
gene encoding the LTF protein which forms the phage L-shaped 
tail fibers was determined. It was shown to contain an open 
reading frame for 1,396 amino acid residues that corresponds to 
a protein of 147.8 kDa. The coding region of ltfgene is preceded 
by a typical Shine-Dalgarno sequence. Downstream from the ltf 
gene there is a strong transcription terminator. Data bank anal- 
ysis of the LTF protein sequence reveals 55.1% identity to the 
hypothetical protein ORF 401 of bacteriophage A in a segment 
of 118 amino acids overlap. 
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1. Introduction 
The adsorption of bacteriophage T5 to the surface of Escher- 
ichia coli F is characterized by two specific steps: (i) rapid and 
reversible binding to the polymannose O antigen [1] and (ii) 
irreversible binding to the FhuA receptor protein in the outer 
membrane [2]. Binding to the O antigen is mediated by the 
L-shaped tail fibers (LTF) and accelerates adsorption by a 
factor of 15 [3]. However, it has been proven nonessential for 
infection since phages lacking the LTF are viable [4], and E. coli 
strains lacking an appropriate O antigen are infected by 
bacteriophage T5 [1,3]. The l tf  gene was mapped within the 
BamHI-D fragment ofT5 DNA [5]. It is situated at the left end 
of the late T5 gene region near the boundary of the early and 
late genes, and their transcription is accomplished from differ- 
ent DNA strands in the opposite directions [6]. The strong 
transcription terminator f om the boundary region (67.2% of 
the T5 DNA length) has been sequenced and characterized in 
our previous papers [7,8]. 
This paper deals with sequencing and analysis of the phage 
T5BglII BamHI fragment containing the ltf gene. 
2. Materials and methods 
Phage and plasmid DNA were isolated and purified by standard 
procedures [9]. Construction and analysis of recombinant plasmids 
pBR322-T5 and pUC-T5 were performed as in [7,9]. The nucleotide 
sequence was determined according to Maxam-Gilbert [I0] and Sanger 
[11] methods. The deduced amino acid sequence of the ltf gene was 
compared with protein sequences in the Swiss Prot Database. 
3. Results and discussion 
To obtain the material for determining the nucleotide se- 
quence, we decided to clone the BamHI-D fragment carrying 
the ltfgene (Fig. 1). Phage DNA was digested with restriction 
endonuclease BamHI. The restriction fragments were ligated 
into the BamHI site of plasmid pBR322 and transformed into 
E. coli cells. The BamHI-D fragment (5 kb)-containing plasmid 
was characterized using restriction enzymes and Southern blot 
analyses (data not shown). To sequence the LTF-encoding re- 
gion, corresponding subclones pUC-T5 of smaller estriction 
fragments from the BamHI-D fragment were obtained and 
both DNA strands were sequenced. 
The nucleotide sequence of the BgllI-BamHl fragment of T5 
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Fig. 1. Location of the ltfgene on the bacteriophage T5 genome. The 
upper line shows pre-early (PE), early (E) and late (L) regions and the 
BamHI restriction endonuclease map of the T5 genome [6]. The hori- 
zontal arrow indicates the position and direction of ltfgene transcrip- 
tion. The transcription terminator situated at the boundary between the 
phage T5 early and late genes is indicated as 'ter'. 
Abbreviations: LTF, L-shaped tail fibers; bp, base pair(s); kb, 1,000 bp; 
Da, dalton(s); kDa, 1000 Da; aa, amino acid. 
The nucleotide sequence data reported in this paper have been submit- 
ted to the EMBL Data Library under the Accession Number X69460. 
____> 
Fig. 2. Nucleotide sequence ofthe ltfgene region. The deduced amino 
acid sequence ofthe l/fgene is presented ina single-letter code above 
the nucleotide sequence. The stop codon is indicated by asterisk. The 
ribosome binding site and transcription terminator are underlined. 
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Bgl l l  
AGATCTTA CTGATTTCTCTCTCTTAGAGGGAGTATTAA 38 
AAC-CAGCTTGGAAGATGGGGCT GAAACTGTAGCATCTTTTACTACAGCTATTGTTGATGCTGCACAAGGTGTAGCA~AT~AC C 128 
TGTTAGT~AACTACTATT~AAA C-CATCCAAAGAAAGAGATAGATATAACCCTAGACAGA GATTC~TA~ATGA~T 218 
AATT ATTACTAGAACAGCTGTTGGTAGT~AGTTCTTTCCGT ATT ATGGAA GGCA AGGTTT ATATTAGTGATGGA~CAATA 308 
N A I T K 1 I L Q Q N V T N D Q N S I T A S K Y P K ¥ T V V 30 
ATGGCTATAACTAAAATAATTCTACAGCAAATGGTCACTATGGACCAGAATAGTATAACTGCAAGTAAATATCCT~ATACA ~ G 398 
L 8 N S I 8 S I T A A D V T S A I It S S K A S G P A A K Q S 60 
CTTTCTAATTCCATTAGCTCTATTACTGCTGCAGACGTAACCTCTGCGATAGAGTCTTCTAAAGCATCC~A A~AGT~ 488 
E I N A K Q S E L N A K D S E N E A E I S A T S S Q Q S A T 90 
GAAATTAATGCTAAGCAATCAGA GTTAA ATGCCAAAGATTCTGAGAATGAGGCAGAAATTTCCGCAACA~CA~T~AA~ 578 
Q $ A 8 S A T A S A N S A K A A K T S E T N A N N S K N A A 120 
CAGTCTGCCTCCTCTGCTACTC.CTTCTGCTAATAGTGCTAAAGCTGCAAAAACTTCCGAGACTAACGCCAATAATAGTAAA TGCTGCA 668 
K T S E T N A A S S A S S A S S F A T A A E N S A R A A K T 150 
AAAACTTCAGAAACGAACGCAGCATCAAGTGCTAGTAGCGCATCTTCCTTTGCAACGGCGGCA A A ATTCC~GA ~ A  CA 758 
S 8 T N A G N S A Q A A D A S K T A A A N S A T A A K T S E 180 
TCTGAAACAAATC-CT GGTAATAGCGCTCAGG~TGCATCAAAAACAGCGGCTGCAAACTCT GCCACA~A ~CATCAG~ 848 
T N A K K S E T A A K T S 8 T N A K T S E N K A K E Y L D M 810 
AC CAATGCAAA GAAAAGCGAGACAGCAGCAAAAACAAGCGAAACCAATGCCAAAACGTCAGAGAAT~G~TA~TATG 938 
A S 8 L V S P V T Q Y D W P V G T N N N S V Y V K I A K L T 240 
GCAAGTGAACTCGTAA GCCCA GTAACGCAATACGACTGGCCCGTCGGTACAA CAACAATAGCGTTT ACGTCAA GATAGCTA ~ A ~  1028 
D P G A V S C H L T L M I T N G G N Y G S S Y G N I D F V E 270 
GATCCAGGTC-CAGTAAGCTGTCACCTAACGCTAATGATTACAAATGGCGGTAACTACGGTTCAAGTTACG~AATA~A~GTAGAG 1118 
I S A R G L N D A R G V T S E N I T K F L S V R R L G S P N 300 
ATATCTGCTCGCGGTCTTAACGATGCAA GAGGGGTAACCAGTGAAA TATAACTAAATTTTTAA~G~C~C~CACC~C 1208 
L A W D N Q L R Y G L V E G D G Y F E V W C Y Q R A F I K E 330 
CTTGCCTGGGATAACCAACTGCGTTACGG~GTAGAAGGTGATGGCTATTTCGAAGTCTGGTGCTATCAGCGA~A~ GAA 1298 
T R V A V L A Q T G E T E L Y I P E G F V S Q D T Q P S G F 360 
ACAAGGGTTGCAGTACTC-GCACAGACTGGCAGGACTGAATTATACATTCCAGAAGGATTTGTTA G CAAGATA CTCAACC ATCAGGATTT 1388 
I 8 S L A A R I Y D Q V N K P T K A D L G L E N A N L V G A 390 
ATTGAAA C,C CTAGCCGCA AGGATTT ACGACCAGGTAAATAAGCCTACT AAGGCAGACTTG~TTGAA ~ T ~ A ~ G T A ~  ]478 
F G L G G N G L S Y S S V Q S N V D L I N K L K A N G G Q Y 420 
~"r C GGTC~G~GGTAAC~q~+T~"r CCTATAC~+TCCGTGCAGAGCAACGTAGA C~GATC~CAA ~AAA ~ A A ~ T A C  1568 
W R A A R E S G A N V D I N D 8 G S G F Y 8 II C G D T 8 A A 450 
TGGCGAGCGGCTCGCGAATCAGGTGCAA CGTTGATATTAACGATCACGGTTCTGGCTTTTACTCTCATTGCGGAGATACCCATGCTGCA 1658 
1 N V Q Y N T G I V K V L A T T D R N L A S D I V Y A N T L 480 
ATTAAC GTGCAGTACAACACTGGAATCGTTAAGGTGCTAGCAACCACTGACCGCAACCTTGCAA GTGACATTGTTTAC~C~CA~C 1748 
Y G T A N K P S K S D V G L G N V T N D A Q V K K A G D V N 510 
TACGGCACGGCAAACAAACC GTCGAAATCGGACGTTGGACTTGGCAACGTAACTA ACGATGCGCAGGT~A~A~A~ATG 1838 
S G D L D I R K I~ T P S I R L K S T Q G N A H L W F N N N D 540 
TCA GGTGAT CTTGATATACGGAAAGAAACGCCGTCTATCAGGTTAAAATCAACACAAGGAAACG~CATCTGTGGqTCA~C~AC ]928 
G G E R G V I g S P P N N G S L G E I H I R A K T S D G T S 570 
GGAGGCGAGCGCGGTGTTATTTGGTCACCACCAAACAATGGC~ &CTTGGCGAAATCCACATCAGGC~AAGACTTCCGACGGCACCA GT 2018 
T G D F I V R H D G It I 8 A K D A K I S Y K I S S R T A E F 600 
ACTGGAGATTTTATCGTGCGTCACGATGGGCGAATCGAAGCGAAA G TGCAAAGATCA GTTATAAGATCTCATCTCC-GACT~ 2108 
S N D D T N T A A T N L E V S G K Q II T P I N L V It D S D S 630 
TCCAACGATGACACAAACACAGCTGCTACAAACCTGCGAGTCAGT GTAAGCAACATACGCCCATC ATGTTAGTGCGCGACTCAGA~ 2188 
N V S V G F K L N N N N A K L L G I D I D G D L A F G E N P 660 
AATGTGTCGGTTGGATTCAAGCTCAATAACATGAACGCAAAGCTTCTA GGTATTGATATTGATGGA G A T ~ A ~ A ~ A ~  2288 
D II K Q N S K I V T R K N N D A G F S V A G L N D F T N G F 680 
GATCATAAACAAAACAGCAAGATTGTAACC-CGCAAGATGATGGATGCTGGTTTCTCTGTTGCTGGGCTA A ~A~A~AAT~ 2378 
A G P W E A K N 1 S D Q E L D L N S L M I K K S D P G S I R 720 
C-CCGGACCTTGGGAGGCTAAAAACATTAGTGACCAGGAACTTGATCTTAACTCCTTGATGATTAAGAAAAGCGATcCCGGGTcGATTCGT 2468 
V Y Q C V S A G G G N N I T N K P S G I G G N F I L Y V E S 750 
GTTTACcAGTGCGTTAGTGCTGGTGGCGGCAACAACATTACCAACAAGCCAAGCGGAATAGGTGGTAACTTCATTCTTTACGTCGAGTCA 2558 
I R K V G D T D F T N H Q R L Y G T D L N R E F T R Y C S N 780 
ATCCGCAAAGTGGGTGACACTGATTTCACTAACCGCCAGCGACTTTTTGGCACTGACTTAAATCGTGAGTTTACACGTTATTGTAGCAAT 2648 
G T W S A W R E S V V S G M N Q D V S V K S N S V S G R L S 810 
GGCACGTGGTCAGCCTGGCGTGAGTCTGTTGT•AGCGCCATGAAC•AAGATGTGAGTGTTAAGTCAATGAGCGTAT•AGGT•GCCTGTCT 2738 
G N E L S V G G A G V L N G N L G V G G G A T S K N P S S D 840 
GGTAATGAGCTTTCGGTTGGTGGCGCTGGCGTTCTGAACGGAAACCTCGGTGTTGGTGGCGGCGCTACATCAAAAATGCCATCGTCTGAT 2828
K G I V I G R G S I V R H G G E G R L I L S S S G G T D R L 870 
AAGGGGATCGTAATTGGTCGCGGCTCTATAGTTCGTGAAGGTGGTGAAGGTAGATTGATTTTATCTTCCTCTGGCGGAACTGATAGACTA 2918 
L Q L R P A G A T 8 L D N Q V E I S C T S A S A G D T K I S 900 
TTGCAGCTTCGTCCAGCGGGGGCAACGTCC-CTAGATAACCAGGTTGAAATTTCTTGCACATCGGCCAGCGCTCGAGACACAAAAATCTCA 3008 
P G Q G A A I R C N N A G S P I I S A K A G Q M I Y P R P N 930 
TTTGGTCAAGGTGCGGCAATTCGTTGCAACAATGCAGGCTCTCCAATCATTAGCGCAAAAGCT~C~TGATATA~CGACCAAAT 3098 
G D G I S E G Q N I L S P N G D L V V K G G V N S K E I D V 960 
GGTGATGGGATAT•GGAAGGT•AGATGATTCTTTcA••AAATGGTGATTTGGTTGTTAAGGGTGGTGTCAATAGCAAAGAGATTGATGTT 3188 
T A S Q S L P L K E T T A T T G 1 G V N F I G D S V T E C S 990 
ACCGCGT•ACAGAGCTTAC•A•TGAAGGAGAcAAC•GCGA•AA•CGGGATTGGCGTTAACTTTATCGG•GATAGCGTAAcGGAGTGTTCT 3278 
F G I E N T A G G S A V F H N Y T 11 G A S N S V T K N N Q L 1020 
TTTGGTATTGAGAATACGGCTGGAGGTTCTGCCGTGTTCCATAACTACACTcGCGGAGCGTCCAATAGCGTAACGAAGAACAA•CAGCTT 3368 
L G G Y G S R P W L G S T Y T E II S N A A L H F L G A G D T 1050 
TTAGGTGGTTATGGTTcACGC••GTGGTTAGGTTCTACATATACTGAACATAGCAATGCAGCATTG•ATTTCCTGGGGGCTGGCGATACA 3458 
S A T N II G G W I R L L V T P K G K T I S D R V P A F R L S 1080 
TCGGCAACCAATCACGGGGGGTGGATTcGTTTACTTGTCACTCCTAAAGGTAAGACGATTAGCGATAGGGTTCCGGCATTCAGACTGTCA 3548 
D N G D L W L V P D G A N II S D L G L V R S I E T L N A A V 1110 
GATAATGGAGATCTTTGGCTAGTTCCAGATGGAGCTATGCACT~AGATCTTGGGTTGGTGCGTAGCATTGAAACACTAAATGCTG~GT~ 3638
P R F N A P S I Q D G R G L K I V A P Q A P E J D L I A P R 1140 
CCTAGGTTTAACGCCCCGAGTATA•AGGATGGACGAGGGCTGAAAATTGTTGCA•CCCAGGCACCAGA•ATTGACTTGATTGCGCCACGT 3728 
G S G A S A P A I R A M W C D G S L A D T T R Y l G A T Q P 1170 
GGTTCTGGGGCCTcGGCGCCAGCTATTCGAGCTATGTGGTGTGATGGTAGTCTAGCAGATACGACGCGATATATTC-GCGCTACACAACCC 3818
G S T F Y I G A S G H D G ~ K F D S M R G S V A I K S A G G 1200 
GGTTCGACTTTCTATATTGGTGCGTCTGGTCATGATGGAGAGAAGTTCGACTCAATGCGTGGTA•TGTAGCAATTAAGTCCGCTGGGGGG 3908 
W G P T S T P T Q V V L E T C E S G S I S R L P R W G V D H 1230 
TGGGGTCCAACTTCAACGCCAACACAGGTTGTGTTGGAGACATGTGAGTCTGGAAGCATCTCTCGTCTCCCACGGTGGGGGGTTGACCAT 3998 
N G T L N P N A D N R Y N L G W G S G R V K Q V Y A V N G T 1260 
AACGGAACGTTAATGCCGATGGCAGATAACAGATATAACTTA~GGGGATCTG~TAGC~TTAAGCAG~T~ACGCCGTAAATGGTACA 4088 
I N T S D A II L K N D V R A M S D P E T H A A K A I A K E I 1290 
ATTAACACCTCCGATGCTAGATTGAAGAACGATGTTCGAGCCATGAGCGATCCTGAAACCGAAGCGGCCAAAGCTATTGCGAAGGAGATT 4178 
G F W T W K E Q A D N N D I R E B C G L T V Q R A I E I N E 1320 
GGGTTTTGGACGTGGAAGGAGCAAGCTGACATGAATGATATTCGCGAACACTGCGGTTTGACCGTGCAGCGTGCAATTGAGATCATGGAA 4268 
S F G I, D P F K Y G F I C Y D K W D E H T V V S E Y G P A N 1350 
AGTTTTGGGCTTGATCCG~CAAATATGGTTTCATCTGCTATGACAAATGGGATGAACATACGGTTGTTTCTGAATACGGCCCTCCAAAT 4358 
E D G T E N P I Y K T I P A G D I! Y S F 11 L E E L N L F I A 1380 
GAAGATGGAACTGAAAACCCGATCTACAAAACAAT•CCGGCTGGCGATCATTACTCATTcCGCCTTGAAGAGTTAAACCTTTTTATCGCA 4448 
K G F E A R L S A ] 8 D K L G N ~* 1396 
AAAGGATTTGAAGCGAGGTTATCTC-CAATTGAGGATAAATTAGGTATGTAAAAAAGAGGGGTCATTAGGCCCCTTTATTTTCACATAGCA 4538 
TTTTACAGGGAAACATCATCGAGCTAGGTATTCAATAGCAATATTATATGACAAACACTCAGCTAATTGTCTAATAGAGATTTTAAAAAG 4628 
CAAATAGCAGACTTAACCCAAGTAGTTAATTCTTTAC~TTGCTAGTAAGGTTTAATAAAAAAGAAACCCCAG~GGATTTTGTCCACTGGGG 4718 
~CTATTATTCACTTCTACAACCTTC"rATAATACCAAGATTATAAATAGTTAGTAGTAATTTTAACTGATCATTATCTGTATTAGTA 4808 
CAAAGCTCTACAAAACCTTCAGGATCC 4835 
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401 (179) KATEAEKSAAAAESSKNAAATSAGAAKTSETNAAASQQSAATSASTAATKASEAATSAR 
LTF (81) SATSSQQSATQSASSATASANSAKAAKTSETNANNSKNAAKTSETNAASSASSASSFAT 
401 DAVASKEAAKSSETNASSSAGRAASSATAAENSARAAKTSETNARSSETAAERSASAAA (296) 
LTF AAENSARAAKTSETNAGNSAQAADASKTAAANSATAAKTSETNAKKSETAAKTSETNAK {198 l 
Fig. 3. Homology of a part of the phage T5 LTF  protcin (amino acids 81 to 198) and phage ~ hypothctical protein ORF  401 (amino acids 179 to 
296). Identical and similar amino acids are indicated by asterisks and dots, respcctively. Numbers in parcntheses indicate the residues shown. 
DNA, 4,835 bp in length, is shown in Fig. 2. A search for open 
reading frames howed that the major one is found only in one 
of the DNA strands and corresponds to a protein consisting of 
1,396 amino acid residues with a molecular mass of 147.8 kDa. 
This agrees with 150 kDa reported by Heller and Krauel [5] for 
a precursor of the LTF protein. The direction of ltfgene tran- 
scription is from the right to the left (Fig. 1) which is also in 
accordance with the general transcription map of bacterio- 
phage T5 DNA [12]. The Shine Dalgarno sequence GGAG (at 
nucleotides 295-298 in Fig. 2) is located 10 nucleotides from the 
initiation codon ATG. Upstream from the ltf gene there are 
several promoter-like s quences which show relative homology 
to the E. coli promoters [13]. However, the sequences typical 
of phage T5 promoters [14,15] have not been found. Down- 
stream from the stop codon TAA there is a strong bidirectional 
rho-independent terminator of transcription (at nucleotides 
4,6914,721 in Fig. 2) [7,8]. This terminator is situated at the 
boundary between the early and late phage T5 genes [6], 
An analysis of the LTF protein sequence revealed high con- 
tent of Ser (10.7%), Gly (10.2%), Ala (10.2%) and Thr (7.1%). 
These are similar to those of the protein gp37 of bacteriophage 
T4 forming a distal portion of long tail fibers which contact he 
host receptors [16]. 
The study of codon usage in a number of genes [17] revealed 
a non-random pattern of their distribution and the sequence of 
the ltf gene of phage T5 being no exception in this respect. 
There is an obvious preference for codons ending with T and 
A residues, which might reflect a high A + T content of T5 
DNA. On the whole, 64.1% codons of the ltfgene end in T and 
A residues with the greatest preference for codons ending in T 
residues (38%). Similar distribution was observed for other T5 
genes: the D9 gene encoding DNA polymerase [18], the D15 
gene encoding 5'-exonuclease [19], the oad gene encoding the 
receptor-binding protein [20] and the DI0-D14 early genes en- 
coding proteins whose functions have not yet been identified 
precisely [21]. 
The comparison of the deduced amino acid sequence of the 
ltf gene with protein sequences in the Swiss Prot Database 
showed that the polypeptide encoded by the ltf gene revealed 
a strong local homology to the hypothetical protein ORF 401 
of bacteriophage 2. ORF 401 belongs to the phage 2 fiber gene 
group localized in a nonessential b-region at the distal end of 
the PR" operon [22]. A particularly high homology exists be- 
tween amino acids 179 to 296 of protein ORF 401 and amino 
acids 81 to 198 of the ltfgene prodct, 55.1% identity and 68.6% 
similarity in 118 amino acids overlap (Fig. 3). 
The sequence of 1,396 amino acids encoded by the Itfgene 
determines a protein of 147.8 kDa. Heller and Krauel have 
earlier eported ata on the cloning and expression of the phage 
T5 ltf gene [5]. Using different approaches to study polypep- 
tides, they identified the proteins encoded by a recombinant 
plasmid with the BamHI-D fragment containing the ltf gene. 
Only two proteins of 150 kDa and 125 kDa were identified. The 
125 kDa protein corresponded to a polypeptide forming the 
LTF and could arise from a precursor with a molecular mass 
of 150 kDa, though it has not yet been detected invivo [23]. This 
is in good accord with 147.8 kDa for a polypeptide encoded by 
the/tfgene sequenced in the present work. Thus, the knowledge 
of the ltf gene sequence could help to construct plasmids 
providing protein overproduction and study LTF protein 
processing. 
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